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With the discovery of L-forms, first described by Klieneberger (1935),
many scientists became interested in this organism then believed to be the
symbiont of Streptobacillus moniliformis« With its discovery among many
different strains of bacteria, it was then believed to be not a symbiont,
but a variant of bacteria capable of undergoing morphological change
(Sharp, 1954).
A new area of concern in microbiology arose when the L-forms, the cell
wall-deficient forms of bacteria, were found to be pathogenic in some spe¬
cies of bacteria. It was also found that L-forms develop from bacteria
under conditions of damage to the classical cells (Pierce, 1942). Because
of these findings it is now believed that L-variants may play a role in in¬
fectious diseases (Mattman and Starnes, 1959) since the L-variant of a bac-
teriton may be induced by antibodies (Dienes and Weinberger, 1951) or by
antibiotics (Mattman et , 1960; Mattman and Mattman, 1965; Chattman et
al., 1969). In most instances the variant is antibiotic resistant. If the
L-varlants or spheroplasts formed during antibiotic therapy persist in
tissues, they may under certain conditions resume synthesis of cell walls
and thus regain the properties of "normal" vegetative bacteria (Hamburger
and Carelton, 1966b) and may play a role in disease relapse (Mattman and
Starnes, 1959) or they may be pathogenic in the L-form (Mattman et^ aJL., 1961).
Dienes (1953a) reported that pleuropneumonia-like colonies and larger
colonies of similar structures, corresponding to L-type colonies of various
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bacteria, usually grow in cultures made from the human mouth, especially
from tooth scrapings, if bacterial growth is inhibited by penicillin. The
research herein reported was developed from aforesaid findings. In view of
Dienes' (1953a) work, the question of whether L-forms exist in the mouth
normally without Induction was provocative. If these forms exist in the
mouth, their relationship to the question of disease in man arises.
Man has a "normal" flora of bacteria that is beneficial to his health.
Changes in the normal flora can lead to illness and/or disease. The ques¬
tion also arises as to what is the "normal" amount of bacteria one has and
what is the number above the "norm" that is pathogenic to man? Mattman
et (1961) have reported that there is a balance between "normal" bacteria
and L-forms, It would be of interest to sclaace and n^dicine to know what
the consequences are if the balance is disturbed. For example, from our
immediate environment we can observe the increase in the incidence of re¬
spiratory infections and flu during the cold seasons of the year. What
causes this? Do L-forms of bacteria increase during the cold seasons? Do
nomnal bacteria Increase during the cold seasons? Because it has been re¬
ported that there is a balance between L-forms and "normal" bacteria, what
happens if either one increases or decreases? Also, if the L-forms and
normal bacteria increase or decrease together, still maintaining a balance,
but a balance differing during each season of the year, what are the effects
on man's health?
Another point of interest is the stability of the L-forms. The degree
of their stability is also important. Are the L-forms in the mouth stable
or do they easily revert back to the parent strain? Another question arises
from this hypothesis which is whether or not the stability of L-fomns is
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influenced by the seasons of the year. Crawford et al. (1958) have re¬
ported the presence of L-forms in the mouth that are not common to the
"normal" flora during certain seasons of the year. It is known that there
are normally present certain pathogenic species of alpha and beta-hemolytic
streptococci in small numbers in the mouth and th^ can exist as L-forms
(Crawford ^ al., 1958). What are the results if these forms are Increased
either in the "normal" form or L-form?
It is clear that there are a number of questions that have to be an¬
swered in order to clearly understand the significance of L-forms, and
these are only a few of the questions. The purpose of this research is to
answer some of these questions by first determining if L-forms of bacteria
normally occur in the mouth; second, to isolate them and third, to identify
their classical bacterial origins.
In the research a nimierical relationship between L-forms and "normal"
bacteria can be noted. This could be significant in that it is known that
penicillin and other antibiotics are L-form inducers (Fierce, 1942; Hattman
et al.. 1960; Hattman and Hattman, 1965; Chattman ^ al.. 1969). The in¬
crease in L-forms due to the presence of undiluted antibodies and antibi¬
otics and the normal occurrence and ntunbers of L-forms may have an Influence
on the occurrence and duration of disease or Illness in an individual.
This research hopefully will further lead to clinical studies whereby
a patient will be tested against the "norm" to determine if there has been
an increase in "normal" and/or L-form titers. Patients could then be tested
to determine what bacteria are present and if they are present in the L-form.
From here antibiotics will have to be screened for the possibility of L-fom
induction before th^ are used in treatment. From this experimental work.
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it is evident that all areas of the body where L-forms occur, "normal"
titers should be determined. This should be done according to the seasons
of the year. These studies should then aid in the treatment of diseases
caused by both bacteria normally associated with pathogenic conditions and
L-forms and perhaps eliminate recurrences in infectious diseases.
CHA.PTER II
REVIEW OF LITERATURE
Klieneberger (1935) recorded the presence of aberrant swollen ele¬
ments growing among the bacillary chains of the bacterium, Streptobacillus
moniliformis. The swollen elements with an associated fine mycelial sys¬
tem resembled the pleuropneumonia-like organisms associated with agalactia.
These organisms initially were believed to be symbionts of Str. monil¬
iformis with an independent growth system contaminating all strains of Str.
moniliformis that were examined.
Str. moniliformis normally associated with mice was shown by Levaditi
et al. (1925) to cause a disease in man. Later Levaditi and Selbie (1929,
1930) and Levaditi et^ (1932) proved by animal experiments that this
organism is highly pathogenic to mice. It is a gram negative organism
characterized by moniliform swellings and club shaped endings. Klieneberger
(1935) also described the symbiont's growth cycle. The cycle is initiated
with the development of granules which germinate giving rise to filamentous
structures. The filament may break up into a group of granules of varying
sizes and shapes. A center is formed in these bodies with a fine network
surrounding it. These organisms were given the name *’L" for the Lister
Institute where the initial work was done.
Dienes (1939) showed that these organisms are not a separate entity
but are bacterialvariants which revert back to the parent strain under ap¬
propriate conditions. Dienes (1939) described the L-forms as pleomorphic
and fragile; their large bodies capable of undergoing autolysis. (Fig. 1)
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Fig. 1. Schematic drawing of the L-cycle.
(Mattman et al^., 1960)
Smears and impression preparations rarely show true forms of the
organisms and are inappropriate for their study. The derivation of the
different morphological elenents of the cultures and also the derivation
of the L-forms from the bacteria can be recognized only by following step
by step the development of the cultures. Oerskov (1922) followed the de¬
velopment of the L-form cultures on thin transparent agar with oil immer¬
sion.
Dienes and Weinberger (1951) reported that the forms do not grow in
liquid media and their growth from’bacteria was never observed in such media.
This has been contradicted by Carrere et al. (1954) and Hauduroy (1954).
Restriction of the cultures grown on transparent agar excludes from routine
examination bacteriological cultures in which most of the L-forms were
discovered and restricts experinentation with the mediiim.
The usefulness of direct microscopic examination of agar cultures is
increased considerably when combined with appropriate staining (Dienes, 1939)
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Furthemore, stained preparations give more information about the mor¬
phology of the organisms.
Dienes developed a stain composed of azure II and methylene blue.
Since both compounds do not precipitate, bright color differentiation of
the intact bacterial structures from autolyzed organisms and impurities
in the agar was demonstrated. In these preparations the entire growth on
the agar was seen, undisturbed in its natural position. The plates can
be examined macroscopically and microscopically at the same time.
Though originally smears and impressions were unsatisfactory methods
for study of L-forms Kuhn e^ (1931) devised a method which allowed the
fixation of agar on a coverslip. The lifting of the agar leaves an im¬
pression of the cultures on the coverslip. The morphology is very clear
in these preparations.
The recently developed microscopic techniques are also employed in
the study of L-forms. Electron microscopy was used by Smith et al. (1948).
Klieneberger-Noble and Smiles (1942) used "oblique incident illumination".
Phase microscopy has been used for the observation of certain growth
phenomena.
Pierce (1942) demonstrated how penicillin can be used as an L-form
inducing agent. The discovery was considered to be important since it
was related to diseases and their recurrence. Levaditi al. (1926)
recovered Str. moniliformis from the blood and skin lesions of a patient
suffering from an acute disease characterized by recurrent attacks of
fever, exanthema and arthritis. Studies by Sharp (1954) led to the con¬
cept that existence in the L-phase can be considered a general property
of most, if not all, bacterial species.
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It was believed at one time that L-forms are not pathogenic even if
they are variants from pathogenic strains of bacteria. This notion was
confiirmed by Freundt (1956). However Minck (1954); Tulasne and Lavillaureix
(1955) have contradicted this and shown that some species of bacteria in
the L-form are pathogenic. Two general characteristics of the L-forms not
common to the parent strain are: filterability and osmotic fragility
(Klieneberger-Noble, 1949). This may account for the general oversight of
these organisms until 1935.
Lack (1967) reported that a single intra-articular injection of
streptococcal L-phase elements caused an arthritis in rabbits. Fedorov et
al. (1972) described a culture of microbes consisting of streptococcal-like
diphtheroids and L-form bacteria which were isolated from the blood and
bone marrow of patients with acute leukemia. The Isolated microorganism
may be the cause or the origin of complications, e.g. these microbes
participate in the pathogenicity of leukemia. Barile ejt al. (1959) sug¬
gested the presence of L-forms of Neisserias gonorrheae in penicillin
treatment - failures of gonorrhea.
The early work on L-forms deals mainly with the general charac¬
teristics of the cell wall. The more recent work deals with the relation¬
ships of the cell wall and membrane to the protoplasm of the cell. Shock-
man et^ (1963) have shown that the membrane composition of Strepto¬
coccus faecalis shows a change with the physiological age of the culture
and with the nutritional condition that leads to the cessation of expo¬
nential growth. The amount of membrane, as well as the composition of the
membrane, is subject to variation in response to the nutritional environ¬
ment. Changes in the amount of cell wall present under similar physio-
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logical and nutritional conditions were previously described (Shockman
et al., 1958; Shockman, 1959; Toennies et al., 1959).
The internal viscosity of cells is important to many cellular pro¬
cesses, and cells have considerable diversity in internal viscosity based
on size differences and amount of internal membrane stnicture. The
viscosity of cells, may be significantly increased by the long-range order¬
ing effects of Internal membrane networks and other hydrocarbon-rich zones.
However, significant contributions from hydrocarbon zones appear only
after the water has been removed (Keith and Snipes, 1974). VJhere Internal
membrane stmicture abounds, the aqueous regions have such a high micro-
viscosity that diffusion along the plane of the membrane structure may be
faster and more efficient than through the 3-dimensional aqueous proto¬
plasm. The lateral translational diffusion in membranes reported by Frye
and Edidln (1970) may be extremely Important to vital cellular logistic
processes. The relationship of the findings to L-varlation is still to
be determined since they are cell wall-deficient and exhibit osmotic
fragility.
Mattman and Starnes (1959) reported that L-variants often require
hypertonic conditions as provided by a high salt content or 10% sucrose
concentration in the medium. Lysis of cells of Str. faecalis can be
prevented by suitably Increasing the external osmotic pressure (Joseph
and Shockman, 1974) by the addition of appropriate concentration of a
nonpermeable solute such as sucrose (Harold, 1964; Roth, 1971). Little
wall damage is required to produce osmotically fragile cells.
Osmotic fragility may be taken as an indication for the absence of
a rigid cell wall in spiroplasmas (Razln et_al., 1973). Spiroplasma
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citri membrane is essentially built of protein and lipid (Rottem and Razin,
1972). Cholesterol forms a substantial portion of the Sp. citri membrane
lipids as in membranes of the cholesterol-requiring mycoplasmas (Rottem
and Razin, 1972).
Hubert et al. (1969) have shown that an L-form of Serratia marcesens
is incapable of producing the red pigment, prodigiosin, characteristic of
the parent bacteria. The L-forms failed to form sufficient amounts of the
precursors necessary for the red pigment and when furnished with the pre¬
cursors, failed to couple them to form prodigiosin (Potter et al.. 1973).
Clearly, the similarities and differences between L-forms and the
classical bacteria are varied according to the classical form species.
Nonetheless, a clarification of the similarities and differences that






Mouth washings were collected from the faculty and students from
Atlanta University and Clark College from July 1973 to July 1974. The
specimens were arbitrarily selected and their age and sex recorded. The
specimens were collected from healthy Individtials.
B. Cooked meat medium and Eugon broth.
Approximately three-fourth inch amottnts of cooked meat meditmi was
placed in the bottom of test tubes of the size 12.5 x 1.2 cm. Robertson
(1916) found cooked meat to be a general culture medium for both aerobic
and anaerobic bacteria. Holman (1919) found it not only useful for cultur¬
ing aerobes and anaerobes, but also for storing mixed cultures for later
Isolation as well as pure cultures for further investigation. Cooked meat
medium was also found to be an enrichment medium; one which supports the
growth of slow proliferating organisms without danger of overgrowth by
faster growing organisms. Nineteen and elghtrtenths ml per tube of Eugon
broth (BBL) was used with cooked meat medium in place of water. The tubes
were boiled for one-half hour to eliminate dissolved oxygen. The broth was
then considered to be basal mediimi. Eugon broth also served as an enrich¬
ment medium. The sterile tubes were used for the dilution series.
C. Sodium chloride and sucrose.
Three per cent concentration of sodium chloride and eight per cent
concentration of sucrose were added to the cooked meat medium and Eugon
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broth to serve as stabilizers for the organisms under study. The organisms
of concern, (forms of bacteria), are osmotically fragile and require gener¬
ally hypertonic conditions for survival (M^ttman and Starnes, 1959).
D. Horse serum.
Filter-sterilized horse serum (Difco) was added to the cooked meat
medivun after the specimens were collected because of the sensitivity of
some people to horse serum. A concentration of one per cent was used.
Mattman et (1960) and others have found that serum incorporated into
the medium is a prerequisite for the isolation, growth, and subsequent
transfer of the L-forms. Horse serum is considered superior to serum ob¬
tained from other animal species (Dienes, 1950; Nelles 1955b). Horse serum
has a high content of cholesterol. Cholesterol serves as a lipid inter¬
mediary and the L-forms require this material for growth related to the
lack of complete cell wall metabolism.
E. Supplement
Supplement C (Difco) is a sterile yeast concentrate used to supple¬
ment media for culturing fastidious organisms with exacting growth require¬
ments. A concentration of one per cent was added to all the cooked meat
meditim tubes aseptically with syringe and needle after the medium had been
autoclaved and cooled below 50 C. Supplement C preserves thermolabile and
thermostable growth accessory factors of fresh yeast, including glutamine
and cocarboxylase. Supplement C was also added to tryptic soy agar base
and blood agar base. It has been reported by Hayflick (1969) that the tran¬
sition of a microorganism from the bacterial phase into the L-phase is
usually accompanied by marked changes in the requirements for cultivation.
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F. Tryptic soy agar.
Tryptic soy agar has been shown by Mattman and Starnes (1959) to be
sufficient in supporting the growth of L-forms. Normally, it is used to
cultivate a variety of pathogenic organisms, especially the streptococci.
A peptone agar, with a good nitrogen source, serves as a basal medlton with
Supplement C and ascitic fluid added for enrichment. The agar was prepared
for pour plates to cultivate the L-forms after their development in the
cooked meat medium. The agar was made up in 300 ml voltmies with one per
cent Supplement C and one per cent ascitic fluid.
G. Ascitic fluid.
Ascitic fluid (Difco) serves as an enrichment.
H. Defibrinated sheep blood.
Seven per cent sheep blood was added with one per cent Supplement C
to tryptic soy agar to make blood agar plates. This agar was used for the
isolation and cultivation of pathogenic bacteria. It serves as a differen¬
tial medium for the hemolytic streptococci. The blood plates were streaked
from the cooked meat medium tube and inoculated 48 hours at 37 C. Blood
agar has been shown to be a good reversion media for L-forms by Tunstall
and Mattman (1961). Colonial morphology and lysis of blood cells in the
agar is noted to aid in the identification of organisms.
I. Gram stain.
The differential gram stain was used to further aid in Identification
of the organisms present. Cell grouping and whether a cell was gram neg¬
ative or positive was noted.
J. Egg agar.
If staphylococci are identified with the gram stain, egg agar plates
were streaked from the staphylococcal colony. Egg agar is a selective
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medium and supports only the growth of Staphlococcus aureus. This is due
to the seven per cent sodium chloride content of the agar which is detri¬
mental to most organisms. The agar was prepared by adding the yolk of one
egg per 300 ml of tryptic soy agar, plus seven per cent salt. This is a
modification of the medium of Herman and Morrelli (1960) and Carter (1960).
K. Mice.
Streptococci which are pathogenic to man are also pathogenic to mice.
The streptococci from the blood plate were isolated, grown in Eugon broth
(Difco) and 0.5 ml sample and 0.15 ml of the 48 hr broth culture was in¬
jected intraperitoneally into separate mice.
L. Tryptic soy broth.
This enriched basal medium was used for the cultivation of L-forms and
to help the L-forms revert to the parent form if they have not done so on:the
blood agar.
M. Needles and syringes.
Ten ml sterilized disposable syringes were used to remove the enrich¬
ment fluids from vials with rubber caps. The needles were sterilized in dry
heat for two hours at 170 C.
N. Dienes' stain.
Dienes (1939) described a stain suitable for staining L-forms. The
organisms on the pour plates were stained by placing a' drop of stain in the
center of the plate. Dienes' stain was used because due to the lack of cell
walls, the L-colonies do not stain well with aniline dyes. Dienes' stain
is an alcoholic solution of azure II and methylene blue (Dienes, 1939).
Q. Glucosamine hydochloride additive.
Glucosamine, an amino sugar, is a common constituent of natural
polymers, and is in the form of N - acetyglucosamine in the bacterial cell
15
wall. Muramlc acid is a lactic acid derivative of glucosamine found only
In bacterial cell walls and microorganisms that resemble bacteria, such as
a blue-green alga.. These two sugars are usually In the form of the N-
acetyl derivative. The main chain of the mucopeptide layer of the cell wall
Is an alternating copolymer of N-acetyglucosamlne and N-acetylmuramlc acid
units. Glucosamine hydrochloride was used as a cell wall intermediate sup¬
plement too. It was used in our experiments to facilitate reversion.
Methods
A. Mouth washing.
To determine If L-forms of bacteria occur naturally In the mouth,
washings were collected and the bacteria cultured In a broth, consisting
of cooked meat, Eugon broth (BBL) 8% sucrose, and 3% sodium chloride.
Mouth washings were collected In the tubes containing the medium and a
log^Q dilution series was made.
Mouth washing was accomplished by rinsing the mouth out with tap water,
then putting some of the test medium broth In the mouth, swishing It around,
and then rettiming the broth back In the tube. It was assumed that each
person deposits at least 0.2 ml of bacterial suspension along with the broth
back into the tubes. The dilution series was usually carried out to
-8 -10 -12
10 . This practice had to be changed to dilutions of 10 ,10 , and
-14
10 between January 1974 and July 1974. One per cent Supplement C (Difco)
and 1% horse serum were added to each tube. The tubes were Incubated a
minimum of 48-hrs at 37 C to Insure L-phase bacterial growth.
B. Pour plates.
After the incubation period, pour plates were made and one-tenth of
each dilution was measured into duplicate dishes. Tryptic soy agar, the
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basal medium, containing 1% Supplement C was mixed with the culture dilu¬
tions and horse serum or ascitic fluid was then added. Horse serum had to
be inactivated by heating in a water bath at 56 C for 30 minutes. This
prevented lysis of the L-phase organisms by antibody and complement. Nelles
(1955b) reported an inhibitory effect of uninactivated horse serum on the
L-phase of Proteus and Salmonella spp.
After the 24-hr incubation period, plate counts were made to determine
the nxjmber of L-forms present. In the dilution wherein classical forms of
bacteria occurred, the plates were not coxmted for the L-component. The
colonies were counted by turning the petrl dishes upside down on the micro¬
scope stage and observing the colonies.
It has been shown by Godzeski ^ al. (1965) that one of the character¬
istics of L-forms is that they may be anaerobic when conqiared with their
aerobic parent strain. If cultured on top, they tend to grow down into the
agar. Therefore they are mainly near the bottom of the plate.
C. Reversion technique.
Blood agar, which consists of tryptic soy agar (Difco), 7% deflbri-
nated sheep blood and 1% Supplement C was used as a reversion meditim.
(Tvinstall and Mattman, 1961; Crawford et al., 1958). After the incubation
period, two blood agar plates were streaked for each dilution. If L-forms
were present but not stable, the blood agar facilitated their reversion to
the classical forms. These plates were incubated a minimum of 48-hrs for
reversion to occur.
D. Isolation of revertants.
From the blood plates, more transfers were made to additional blood
plates, one per each separate isolated colony. This was done to develop a
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pure culture of each bacterium. The plates were incubated for 24 hrs.
E. Cold incubation for reversion.
After the dilution tubes had Incubated for 24 hrs, some of the tubes
were refrigerated from 1-14 days. Blood plates were streaked from these
refrigerated tubes and observed. The plates were incubated from 2-6 days
at 37 C.
F. Antibiotic sensitivity studies.
The blood agar plates for antibiotic studies were heavily inoculated.
Antibiotic discs, bacitracin (BBL), 10 units; erythromycin (BBL), 10 units;
penicillin (BBL), 10 units; and chloramphenicol (BBL), 30 meg; were placed
on each plate. The plates were incubated 24 hrs. The diameter of the
clear zone (inhibition zone) around each disc was measured.
G. Egg yolk medium.
The addition of egg yolk to a meat or vegetable extract agar base and
various types of broth to isolate staphylocci has been reported by numerous
workers. Herman and Morrelli (1960) demonstrated that the addition of 2.3%
of fresh egg yolk to sterile cooled number 110 meditim (Difeo) selectively
encouraged the growth of most strains of staphylococci. The medium provides
a clear selective and solid substrate which by its high salt content (7.5%),
inhibits most other species of bacteria and by its egg yolk content which
enhances the growth of pathogenic staphylococci. The coagulase-positive
strains are readily identified by a heavy zone of precipitation or halo
around the cream to orange colored colonies after 36-48 hrs incubation at
37 C. Carter (1960) was in agreement with the utilization of egg yolk agar
for isolation of coagulase-positive staphylococci.
The media used in this experimental series differed in that the com¬
ponents were tr3rptic soy agar (Difeo), one egg yolk per 300 ml of medium
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with the addition of TU weight per volume NaCl. The results were com¬
parable to those of the cited workers.
H. Pathological test for streptococci.
Streptococci that were identified with the gram stain and hemolysis
on blood agar were inoculated into tubes. From the Eugon broth culture
after 48-hrs incubation at 37 C, 0.5 ml and 0.15 ml were injected into
separate mice intraperitoneally.
L-variant demonstration method.
Pour plates of each dilution were stained. The stain used was de¬
scribed by Dienes (1939). The plates were stained by filtering Dienes' stain
and placing a drop in the center of the plate with a sterile pipette. Dienes'
stain is used to observe fine details.
To observe individual bacterium, slides were made by placing a small
amount of the stain on the slide and cutting a piece of agar from the pour
plate and placing it on the stain. A cover slip was then placed on top of
the agar and a squash preparation was made.
J. Staining method of Dienes (1939, 1942, 1945).
A mixture of an alcoholic solution of methylene blue and azure II is
used for staining without previous fixation. The mixture contains; methy¬
lene blue 0.5 g; azure II 0.25 g (both stains from National Aniline and
Chemical Company, New York); maltose 2.0 g; Na2C03 0.05 g; benzoic acid
0.04g; and distilled water 20.0 ml. Dissolve all chemicals and filter be¬
fore use.
K. Glucosamine medium additive.
One and five-tenths per cent glucosamine hydrochloride was added to
Eugon broth. The tubes were inoculated with cultures still in the L-phase
and incubated at 37 C for 48 hrs for reversion.
CHAPTER IV
EXPERIMENTAL RESULTS
Experiment 1. Collection and dilution of samples to determine the presence
of L-forms in the mouth
Dienes (1953a) suggested that streptococci which produce L-forms are
often present in the mouth because colonies similar in appearance and
growth requirements to the L-tjrpe colonies of streptococci often develop
on plates inoculated from the himian mouth. Based on this assumption,
mouth washings were collected in tubes of cooked meat medium and dilution
series carried out. From the dilution series, the presence or absence of
L-forms and the number of organisms was determined macroscopically and
microscopically. Samples from the tubes were examined with a gram stain
and as wet mounts. The results are given in Table 1.
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End point dilution of
classical L-form concurrency
1 9/24 F 23 10
2 9/24 M 40
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Date of End point dilution of
collection Sex Age olfssical L-form concurrency
10/17 M 21 10-^
10/17 F 19 io“2
10/20 M 20 10"^
11/7 F 18 lo’^
11/7 M 19 10-2
11/7 M 18 Undilute
1/21 M 19 10“^
1/21 M 33 10-8
1/21 M 24 io‘^
1/21 F 23 10-8
1/30 M 22 10"8
1/30 M 18 10"8




2/25 F 20 10-8
2/25 F 19 10-2
2/25 M 23 10-^
2/26 M 27 10-^
2/26 F 18 10-2
2/26 M 29 10-8































Date of End point dilution of
collection Sex Age classical L-fornt concurrency
2/27 F 21 10-*
2/28 M 22 10“^
3/4 F 18 10"^
3/4 M 19 10-6
3/4 M 22 10“^
3/5 F 19 10-«
3/5 F 19 10"^
3/18 F 30 10“^
3/18 F 27 10"'^
3/18 F 25 10“®
3/19 M 20 10"6
3/19 M 19 10-®
3/19 M 19 10-6
3/25 M 20 10-^
3/25 F 18 10-6
3/26 M 24 10-6
3/26 M 26 10-6
3/26 M 23 10-6
4/1 F 27 10-^
4/1 M 18 10-^
4/1 F 25 10"6





























End point dilution of
classical L-form concurrency
4/2 F 26 10"^




4/9 F 18 10“^
4/9 F 20 00
f
or-t
4/9 M 25 10“®
4/23 M 20 10"®
4/23 ' M 20 10-^






4/24 F 18 10
4/24 M 19 O
1
4/24 F 20 10”2
5/5 M 20 10"®
5/7 F 24 O
1
5/7 M 22 10"®
5/7 F 22 10"^
5/13 F 27 10-«
5/13 F 24 10"®
5/13 F 25 10"^
5/13 F 25 10"^







End point dilution of
classical L-form concurrency
89 5/17 F 20 10"'
90 5/17 F 18 10"
91 5/8 M 25 10"'
92 6/8 M 21 lO"'
93 6/19 M 20 10"
94 6/19 F 20 10"
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Experiment 2. Determination of the number of L-forms occurring in the
mouth
The original mouth washings were diluted in order to find a dilution
wherein only L-forms occurred. There was a balance between the L-foimis
and the classical growth at the lower dilutions. On those plates where
"normal" bacteria occurred, there were also L-forms among them (Table 1).
In each case, the next log dilution contained too many L-forms to
entimerate. Therefore, the duplicate trypticase soy agar plates had a
range of dilution values from the 10"® to 10"^® tubes. The counts/ml
had a range of 1.5 X 10^^ to 3.0 X 10^^. From the period September 24,
1973 to Jantiary 21, 1974, 4.76% of the counts fell on the median, 38.10%
fell below the median and 57.14% fell above the median. From the period
January 30, 1974 to March 26, 1974, there were no counts at the median,
50% fell below the median and 50% fell above the median. From the period
April 1, 1974 to June 19, 1974, 27.78% of the counts fell on the median,
11.11% fell below the median and 61.12% fell above the median. These
findings are in Table 2.
In all cases the L-colonies could be seen microscopically and counted
from the agar plates. It was also possible to count some of the colonies
without the aid of the microscope. These were the larger L-form colonies





















Table 2, The number of L-foirms occurring in the nrouth
Calculated number
Date of Dilution at which the of organisms per
collection L-forms were countable milliliter
9/24 io“® 1.8 X loll




9/25 10-14 No count *
10/1 10"® 3.0 X loll
10/1 10"® 1.5 X loll
10/2 10"® 1.7 X loll
10/2
001o 2.6 X loll
10/9 10-10 No Count
10/9 10"10 No Count




10/10 10-® 2.5 X loll
10/10 10"® 2.5 X loll
10/10 10"® 1.9 X lOll
10/10 10"® 1.5 X loll
10/10 10"® 3.0 X loll
10/10 10"® 3.0 X loll
10/16 10-12 No Count
10/16












21 10/17 10"12 No Count
22 10/17 10"^^ No Count
23 10/17 00
1
o 2.a X loll
24 10/2Q 00
1
o 2.3 X 10^^
25 11/7 10-8 2.0 X loll
26 11/7 10-8 2.5 X loll
27 11/7 10"8 2.7 X 10^^








32 1/21 10-1^ No Count




35 1/30 10*12 No Count




38 2/25 10-8 2.8 X loll
39 2/25 00
1


























Date of Dilution at which the of organisms per
collection L-forms were countable milliliter
2/26 10"® 2.2 X 10'




2/27 10-1° No Count
2/27 10"1° No Count
2/28 10-1° No Count
3/4 10-12 No Count
3/4 10"12 No Count
3/4 10-1° No Count
3/5 10-12 No Count




3/18 10-1° No Count
3/18 10-12 No Count
3/19 10"!^ No Count




3/25 10-° 3.0 X 10
3/25 10-1^ No Count























Date of Dilution at which the of organisms per
collection L-forms were countable milliliter
3/26 10-1^ No Count
3/26 10-12 No Count
4/1 10-1“ 1.1 X ioi3
4/1 o
1




4/2 lo'is No Count
4/2 10"^2 No Count
4/8 10“^^ No Count
4/8 O
1
O 1.1 X loi^
4/9 10-10 1.0 X loi^
4/9 10"1^ No Count
4/9 10-1^ No Count
4/23 10-10 No Count
4/23 10-12 No Count
4/23 10-® 2.2 X loll
4/24 o
1MO 2.3 X 10l3
4/24 10-10 2.3 X 10l3
4/24 10-10 1.0 X loi^
4/24 IQ-O 2.3 X loll




Specimen Date of Dilution at which the of organisms per
number collection L-forms were countable milliliter
81 5/7 10-10 2.1 X lolO
82 5/7 10“^^ 3.0 X lolO
83 5/7 10-10 2.5 X lolO
84 5/13 10-16 dNo Count
85 5/13 10-10 No Count
86 5/13 10-0 1.5 X loll
87 5/13 10-0 1.9 X loll
88 5/17 10-10 1.5 X lolO
89 5/17 10-0 1.3 X IqH
90 5/17 10-10 1.7 X 10^3
91 6/18 !-> o
1 I-* o
1.3 X lol^
92 6/18 10-10 131.3 X 10
93 6/19 10-1° 1.5 X lolO
94 6/19 10-0 1.5 X loll
a
This first series of specimens were not counted because the dilution
series was only taken up to 10~^ until Specimen 58.
b
Because of the range in numbers this period is based on the dilution
factor 10^^ rather than the base number of cells counted.
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Table 2 (Continued)
Counts with dilutions of lO"^^ were not counted because the series was
not diluted to count the plates from the tubes. The dilutions were
carried out to 10"^^ starting with Specimen 76.
d
The specimen herein were not initially diluted enough to count on the
plates.
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Fig. 2. Photograph of L-forms with different modes
of surface growth. A and B shows peripheral
granular elements and inner large bodies.
Xl25. Dienes stain.
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Experiment 3. Reversion of L-forms on blood agar medium.
Blood agar plates were streaked from the dilution tubes to demon¬
strate reversion characteristics of the L-forms. Only those tubes with
L-forms were used for transfer. The results of the experiment are given
in Table 3. From the table, it can be seen that aureus. Str. viridian
and Str. pyogenes reverted to the parent strains. Dienes (1953a) isolated
L-cultures from 2 strains of alpha-hemolytic streptococci obtained from the
mouth. About 95% of the streptococci that reverted were beta-hemolytic, the
rest were alpha-hemolytic. S^. aureus was the other L-form to revert.
Table 2 also shows a new characteristic of the L-forms during the
winter months. For specimens 30 through 39 there was no reversion. Only
4 specimens showed reversion during the winter and early spring seasons.
There was a tendency of the L-forms to grow within the agar. On these
plates there was a green discoloration of the agar with no lysis of the blood
cells. It was assumed that alpha-hemolytic streptococci were present. This
assumption was proven correct by the microscopic demonstration of L-forms
within the green areas.
Two new characteristics of the bacteria were observed. Not only was
the streptococcal growth microaerophilic but the potential was lessened.
Also, before the winter season, beta-hemolytic streptococci were more abun¬
dant than the alpha-hemolytic streptococci. During the winter and early
spring season only about 5 bacterial colonies (15%) reverted compared to
about 30 colonies (85%) between September 1973 and January 1974. The num¬
ber that reverted is only a fraction of the number of specimens.
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Table 3. L-forms that reverted after 48-hours Incubation
Specimen
number Bacteria found Mode of growth*
1 Staphylococcus sp. -H-H-
Str. pyogenes -H-H-
Str. vlrldans -
2 Staphylococcus sp. -HrH-
Str. pyogenes
Str. vlrldans -
3 Staphylococcus sp. -H-H-
Str. pyogenes -H-H-
Str. vlrldans +
9-10 Staphylococcus sp. -H-H-
Str. pyogenes •H-H-
Str. vlrldans -H-
11 Staphylococcus sp. -H+
Str. pyogenes -H-f-
Str. vlrldans -
12 S taphylococcus sp. -H-H-
Str. pyogenes -HH-
Str. vlrldans +
13-18 Staphylococcus sp. +
19-28 No reversion
29-30 Staphylococcus sp. -H-
Str. vlrldans -
Str. pyogenes H
*The number of colonies Is noted as follows:
- no growth
+ 1 to 3 colonies




number Bacteria fotmd Mode of growth*
-t-H- 10 to 15 colonies
++++ too numerous to count
Experiment 4. The effect of refrigeration on the reversion of L-fonns.
Dilution tubes after Incubation were refrigerated up to a month.
The longer these tubes were refrigerated, the fewer the number of L-forms
that reverted when transferred to a reversion medium. After refrigeration
for a week, little or no reversion occurred, although the plates were
allowed to incubate for 6-7 days. The L-forms seemed to become stable
during refrigeration.
There was similarity in the number of L-foicms counted on pour plates
immediately after incubation and refrigeration, even when the refrigeration
time was longer than one week.
The experiment was carried out only with the early specimens because
of the Influence that the change in weather showed in earlier experiments.
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Table 4. The effect of refrigeration on the reversion of L-forms
Specimen Number Refrigeration Time Reversion
3 3 days ++++
9 4 days 4+H-
10 4 days +4-H-
11 5 days +H-
12 4 days ++-H-
13 24 days +
14 24 days ■ +
15 24 days +
16 24 days +
17 25 days +
18 25 days +
19 34 days -
20 31 days -
21 30 days -
22 31 days -
23 40 days -
24 30 days
25 27 days -
26 10 days -
27 10 days -
28 18 days -
29 6 days 4+
30 6 days 4+
38
Table 4 (Continued)
* The number of colonies is noted as follows:
- no growth
+ 1 to 3 colonies
4+ 4 to 6 colonies
+++ 10 to 15 colonies
1111 colonies too nianerous to count
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Experiment 5. Egg yolk agar is used as a selective medium for the demon¬
stration of staphylococcus revertants from the L-forms
Cultures of the staphylococci were transferred from blood agar plates
to the modified egg yolk agar of Herman and Morrelli (1960) and Carter
(1960). aureus is the only bacterivnn that grows on this agar. All of
the plates Inoculated with staphylococcus from blood agar plates, iden¬
tified by the Gram stain, showed growth in 24 hrs. This suggested that
the only strain to revert was aureus. The egg yolk medium also demon¬
strated the capabilities of the organism to produce coagulase which is
associated with pathogenicity. This was demonstrated in the media by
the fact that about 95% of the S^. aureus grew on the surface of the agar
and the remaining 15% grew near the bottom of the agar. The areas on the
bottom were identified by clear zones in the agar. These organisms
appear to demonstrate capabilities of facultative aerobic growth. The
cultures tested and the results are evident in Table 5.
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Table 5. Classification of staphylococcal revertants in egg yolk
medium
Specimen Number Result of growth on egg yolk medium
1 S. aureus aerophilic and microaerophilic
2 S. aureus aerophilic and microaerophilic
3 S. aureus aerophilic and microaerophilic
5 S. aureus aerophilic and microaerophilic
7 S. aureus aerophilic and microaerophilic
8 S. aureus aerophilic and microaerophilic
9 S. aureus aerophilic and microaerophilic
10 S. aureus aerophilic and microaerophilic
11 S. aureus aerophilic and microaerophilic
12 S. aureus aerophilic and microaerophilic
13 S. aureus microaerophilic
14 S. aureus microaerophilic
15 S. aureus microaerophilic
16 S. aureus microaerophilic
17 S. aureus microaerophilic
18 S. aureus microaerophilic
29 S. aureus microaerophilic
30 S. aureus aerophilic and microaerophilic
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Experiment 6. Reversion of L-forms by prolonged incubation and frequent
transfers.
Trofimova (1959) suggested that more reversion of the L-forms might
occur if the L-form cultures were subjected to prolonged incubation before
being subcultured. Marston (1961) and Godzeski et al. (1956) suggested
continuous transfer to acquire profuse reversion. Both of these sug¬
gestions were used in a series of experiments.
Blood plates that showed no reversion after 6 days of incubation
were used for transfer to tubes of Eugon broth or tryptic soy broth.
Blocks of agar containing colonies were cut from the plates and used as
the inocula. After two days incubation, there was heavy growth in the
tubes of both Eugon broth and tryptic soy broth. Subsequently reversion
was demonstrable on blood agar plates incubated from these tubes i;
When it was necessary to increase the over-all dilutions to acquire
a culture containing only L-forms, reversion did not occur when this
series of L-forms was transferred after 6 days of incubation. After a
total incubation of the broths of 34 days, samples were transferred to
Eugon broth containing 1.5% glucosamine hydrochloride. From the work
of Weibull (1958) it was thought that glucosamine might assist reversion
through the development of cell walls. Incubation was continued for
thirty eight more days. There was no induced growth of classical organisms
and no reversion on blood agar plates. It can only be concluded that the
original L-forms were stable and did not revert with the techniques used.
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Experiment 7. Determination of virulence of L-form revertants by animal
inoculation.
Animals are often necessary for determining the etiology of specific
Infectious diseases and the pathogenicity of particular cultures of bac¬
teria.
Duplicate mice (Registered Cancer Research mixed breed) were inocu¬
lated with the streptococcal cultures. These were adult mice of both
sexes.
The organisms were grown 48 hours in Eugon broth and one mouse re¬
ceived 0.5 ml and the second 0.15 ml of the culture intraperitioneally.
When attempting to measure pathogenicity, it is well to inject a high
(several million) and a low (200-300) number of bacteria in separate sets
of test animals. In this manner the potential invasiveness of the orga¬
nism is more likely to be demonstrable and the host's phagocytic resis¬
tance mechanism will not be overwhelmed through this slow mass of foreign
inoculum.
The intraperitoneal route was chosen because it permits simple inocu¬
lation of relatively large volimies of material, and because of the rapid
absorption of substances from the peritoneum, it provides tissue satura¬
tions only slightly slower than in the case of intravenous inoculations
(Warren, 1957).
The results of the animal inoculations are presented in Table 7.
Table 7. Mouse virulence tests to determine the pathogenicity
of the streptococcal strains from reversion
Strain number Mouse nuinber
Amount of
injection Results
71 1 0.5 ml No Reaction
71 2 0.15 ml No Reaction
75 3 0.5 ml No Reaction
75 4 0.15 ml No Reaction
Control 5
* Control - broth culture only.
** Mouse was alive at the end of one week after the peritoneal
injection.
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Experiment 8. The effect of antibiotics on the classical organisms occinr-
ring from reversion of the L-forms.
The work of Chattman et al. (1969) and Ward et al. (1958) showed that
the antibiotic spectrum of organisms changes after L-phase Induction and
reversion from the L-phase to the classical form. The detection and assay
of antibiotics and the determination of the sensitivity of bacteria to them
usually Involves the exposure of bacteria to the effects of the antibiotic.
The antibiotic diffuses into the medium producing a concentration gradient
in the agar-disc method. Bacterial growth is suppressed within a circular
zone, the diameter of which Is a function of the minimum inhibitory con¬
centration of the antibiotic. The procedure of Bauer ^ al. (1966) together
with the rigid controls of the antimicrobial discs, has been of great assis¬
tance in establishing a standardization of. technique.
In this experimentation the classical forms (revertants) were tested
on blood agar plates with bacitracin, erythromycin, penicillin, and chlo¬
ramphenicol discs. Utilization of the Zone Size Interpretative Chart, pre¬
pared by the National Committee for Clinical Laboratory Standards, Los
Angeles, California, (June 1971) does show resistance occurring in organ¬
isms generally found to be suspectible to the different antibiotics (Table
8).
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Table 8. The effect of antibiotics on the classical organisms












71 S. aureus Bacitracin lOU 7 resistant
Erythromycin lOU 13 resistant
Penicillin-G lOU 2 resistant
Chloramphenicol 30mcg 13 intermediate
72-74 No reversion
75 Str. viridans Bacitracin lOU 10 intermediate
Erythromycin lOU 18 susceptible
Penicillin-G lOU 18 susceptible




The question as to whether L-forms of bacteria occur spontaneously
in the mouth has been answered by the experimental studies conducted. Not
only do they occur but they occur in numbers that are much greater than
the humber of "normal” bacteria that are present in the mouth. It was
found that as the number of L-form bacteria increases the niimber of "nor¬
mal" bacteria increases. This shows that there is a balance between the
L-forms and typical growth. This phenomenon is demonstrated irregardless
of the age of the individuals with an age range from:18-40 years in both
sexes. Mattman et(1961) reported that this balance is disturbed when
either cycle is suppressed. The two concurrent pathways maintain the
balance. At the beginning of the experimental studies, our results showed
a median of 2.333 X 10^^ L-forms per ml with 4.76% of the specimens at the
median, 38.10% of the specimens below it and 57.14% of the specimens above
it. However, the median was changed during the second period (Janiaary 30,
1974 to March 26, 1974) of the experimental studies. The median for this
period was 2.5 X 10^^ with no specimens at the median, 50% below and 50%
above. The median was again changed during the third period (April 1, 1974
to June 19, 1974). During this period 27.78% of the specimens were at
median, 11.11% were below it and 61.12% above it.
On those plates whbre ."normal" bacteria occurred, there were also
L-forms among them. The larger L-form colonies could be seen growing
within the agar without the aid of a microscope. Mattman and Starnes (1959)
have reported that the oxygen requirements of an L-form may be the reverse
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of those needed by the parent culture from which it is derived. The larger
L-form colonies usually grow into round colonies with the center part of
the colony deep into the agar. The colonies spread on the surface of the
agar beyond the burrowing center. Peripheral growth consists of granular
elements (Williams, 1963). This mode of growth is shown in Figs. 2 or 3.
The factor which seems to be responsible for this mode of growth seems
to be the plasticity of the L-phase elements. The partial or total absence
of the cell wall (Kagan, 1967) enables the organisms to alternate their
morphology and penetrate into the available Interstitial spaces of the
fibrillar agar gel (Dienes, 1968; Razin and Oliver, 1961). Fig. 2 or Figs.
4-5 show examples of L-colonies wherein there is partial absence of the
cell wall. The cell walls in these figures are not smooth and complete;
breaks appear in the cell walls at different places (Hayflick, 1969).
When there are openings in the cell walls the protoplasm of the cells
seem to protrude out of these openings showing similarities in budding as
a means of reproduction. This is seen in Figs. 4-7. Higgins et_ al.
(1973) showed that where autolysis occurred, dissolution of the cell wall
produced gaps that allowed the extrustion of membrane and cytoplasm (Figs.
8 or 9).
Fission also seems to be demonstrated (Fig. 10). Klieneberger
(1935) reported that the reproductive elements of the L-forms are the
granular elements found at the periphery of the L-colonies. The zones
next to the granular elements are called large bodies. The granular ele¬
ments grow from the large bodies (Fig. 1 or Figs. 2-8). The center is
composed of both large bodies and granular elements (Dienes, 1967b;
Klieneberger, 1935). A difference was noted in the colonial growth of
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Fig. 3. Transformation of "normal" bacterial colonies
into L-forms. The outer area showing new
growth and the inner area old growth. X125.
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Fig. 4. L-colonies containing large bodies with mycelial
growth.
A. Mycelial growth is seen only in the daughter
colony.
B. Mycelial growth seen in the parent and daughter
colony. X125.
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Fig. 5. L-colonies with partial absence of cell walls.
A. Exhibits a wide zone of granular elements.
B. Exhibits a thin periphery of granular elements.
X125.
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Fig. 6. L-colonies undergoing budding.
A. Demonstrates consecutive budding.
B. Demonstrates single budding.
X125.
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Fig. 7. L-colonies undergoing budding at different sites.
A. Shows secondary points of budding.
B. Shows one major site of budding. X125.
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Fig. 8. Demonstration of L-colonies with cell wall-deficient
forms protruding.
A. Colony with one site of cell wall protruding and
colony with 2 sites where cell wall is protruding.
B. Shows where there has been dissolution of cell
wall due to autolysis of L-forms. Xl25.
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Fig. 9. L-colonies with the diffusion of the protoplasm
out of the colony. X125.
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Fig. 10. L-colonies showing fission and budding.
A. The division plate is demonstrated.
B. Shows diffusion of the protoplasm and the formation
of a round L-colony. Xl25.
5.6
the L-colonies. Chemical analysis of L-forms of different species of
organisms indicate that important constituents of the cell wall are not
present (Weilbull, 1958).
Beyond the dilution titer where ’'normal" organisms appeared only
L-forms were demonstrable on the plates. The L-colonies are much smaller
and none can be seen without the aid of a microscope. These smaller
colonies are also found on those plates with "normal” bacterial colonies
(Figs. 11 or 12). It was in the presence of the "normal" bacteria that
the classical "fried egg” colonies were observed (Fig. 3). Mattman e_t
al. (1961) reported that the nutrilites carried endogenously by the
inoculum (bacteria) may be more important than the composition of the
culture medium. They concluded that the mediimi they used in their
studies support the growth of the classical form of the bacteria since it
contained all the known necessary nutrilites. The medium was adequate
only when sufficient inoculum was employed to supply an endogenous depot
of trace additives. Vacuolized bodies, described by Kagan (1967) are
shown in Fig. 12a. This is a result of L-form autolysis.
It is clear that bacterial growth, both classical and in the L-form
is dependent on the seasons of the year (1 and 2). Similar results were
reported by Crawford et al. (1958). The experimental results show that
the numbers of L-forms found in the mouth were generally consistent dur¬
ing the first period of study. However, during the second period, there
was a marked increase in the countable numbers of L-forms. The first
specimens during this period were not counted until it became apparent
that this was a new trend in growth of the L-forms. The numbers of L-
forms increased again during the third period, which fluctuated then
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A
Fig. 11. L-colony growth in the absence of
"normal bacteria. A and B show large
bodies with granular elements.
B. A small cluster of granular ele¬
ments are outside the colony of
large bodies. X125.
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Fig. 12. L-colonies with large vacuolized
bodies.
A. Vacuolized large bodies with
granular elements.
B. Large bodies with granular ele¬
ments with partial cell wall
formation. X125.
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began to level off in June and decreased in ntonber. This shows that in
the month we normally have more bacteria both "normal" and L-forms during
the fall and winter than in the spring and stonmer.
The bacteria that reverted were S,. aureus, Str. pyogenes. and Str.
viridans. Dienes (1953a) reported alpha-hemolytic streptococci in
penicillin induced L-forms in the mouth. These bacteria are pathogenic to
man. ^fettman et al. (1961) have shown that both Str. viridans and Str.
pyrogenes are pathogenic in the L-form. However, under the experimental
conditions of the pathogenicity test, Str. pyogenes. and Str. viridans
were not pathogenic to the mice injected. Pratt (1966) and Merline ^ al.
(1971) showed that aureus is pathogenic in the L-form. During the
first period of our studies the streptococci that were predominate was
Str. pyogenes showing a clear zone of hemolysis. This was not the case
during the second period and Str. viridans were the only streptococci that
showed any form of growth during the second and third period. Str.
viridans from specimen 71 was the first streptococcus to show aerobic
growth. The other ones from both the second and third periods showed
microaerophilic growth. There was no lysis of the agar by these colonies
but a green discoloration showed a characteristic of the L-forms uncommon
to the "normal" bacteria (Hayflick, 1969).
In order to enhance growth, the incubation was for at least 48 hrs.
Mattman et al. (1961) reported that the chances of reversion are enhanced
if the L-form cultures are subjected to prolonged incubation. They also
reported the need to add blood to the medium in order to acquire reversion.
There was also a tendency for some of these organisms to become micro¬
aerophilic, especially after prolonged exposure to refrigeration resulting
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in no surface growth at all, even during the first period of experimental
studies. Mattman and Starnes (1959) reported that the oxygen requirements
of an L-form may be the reverse of those needed by the parent culture from
which it is derived. Prolonged refrigeration cause the L-forms to become
stable. On the egg agar plates there were examples of microaerophilic
aureus. This was esdiibited by opaque areas on the bottom of the agar.
For the enhancement of reversion of the microaerophilic organisms transfer
cultures were made successfully during the first period. During the second
period, transfers, even with glucosamine hydrochloride added to the trans¬
fer medium, were not successful in inducing "normal" bacterial growth.
Our results show that S^. aureus is resistant to bacitracin which
inhibits S3mthesis of murein, a complex reaction sequence which takes place
in the cell membrane (Siewert and Strominger, 1967). Crawford (1958)
showed that beta-hemolytic streptococci are sensitive to bacitracin,
erythromycin, and streptomycin; they are also resistant to penicillin.
Penicillin affects the cell wall by preventing cross linkage and erythro¬
mycin affects the protoplasm of the cell. Hayflick (1969) reported that
there are divergent results concerning the antibiotics which act on the
protoplasm, eig. chloramphenicol and erythromycin. These findings support
the results which show that £. aureus is resistant to bacitracin, erythro¬
mycin and penicillin-G and Intermediate with chloramphenicol and susceptible
to erythromycin and penicillin-G.
CHAPTER VI
SUMMARY
Mouth washings were collected from students and faculty ranging from
18 to 40 years of age and dilution series carried out to determine the
number of L-forms found in the mouth. The plate counts show that during
different seasons of the year the titer of bacteria is different. Age
seems to have no bearing on the titer of bacteria in the range of 18-40
yrs. L-forms are more stable during the winter months showing little or
no reversion. Staphylococci and streptococci are the only two bacteria
that reverted readily during the spring, summer, and fall. Beta-hemolytic
streptococci was observed during the first two periods (September 24, 1973
to January 21, 1974) of investigation with about 10% alpha-hemolytic strep¬
tococci present. During the third period (April 1, 1974 to June 19, 1974)
alpha-hemolytic were the only streptococci to revert.
Since there is a direct correlation between the nuinber of bacteria
found and the season of the year, this phenomenon may have some bearing
on the increased susceptibility of persons to colds, respiratory diseases
and pnevimonla during the fall and winter.
Reversion and identification techniques were performed to identify
the kinds of L-forms that reverted and to determine their species origins.
£. aureus, alpha-hemolytic Str. viridans and beta-hemolytic Str. pyogenes
were identified.
It was shown that there exists a balance between L-forms and "normal'*
bacteria in the mouth. It was also shown that the nuinber of "norinal"
bacteria present depends on the seasons of the year, and the L-forms
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present in the mouth are Influenced, in part, by the seasons of the year.
Under the experimental conditions of these studies, the streptococci
strains isolated were found to be nonpathogenic for mice.
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